
[NASA-CR-181595) LOW FREQUENCY E3EES OF THE, N m - m  11 

3 P  
TROPICAL TROPOSPHERE [Colorado State U u i v .  ) 

Unclas 
00146 01 141 35 

i "  



9 \ 

v 

2 6 . 2  

1. INTRODUCTION 

P I- - 

// 3 -5- 7 

LOW FREQUENCY MODES OF THE TROPICAL TROPOSPHERE 

John R. Anderson 

Department of Atmospheric Science 
Colorado State Univers i ty  

F o r t  Col l ins ,  Colorado 80523 

Quasi-periodic v a r i a t i o n s  i n  t r o p i c a l  winds 
and sur face  pressures  with per iods of 40-50 days 
were f i r s t  reported by Madden and J u l i a n  (1971). 
They recognized t h a t  t h e  o s c i l l a t i o n  was a 
global  s c a l e  phenomenon which inf luenced much of 
t h e  t r o p i c a l  troposphere. Hadden and Ju l ian  
(1972) descr ibed  the  o s c i l l a t i o n  as a poleward 
and eastward propogating d is turbance  with a 
zonal wavenumber 1 s t r u c t u r e  which seemed t o  
modulate t h e  convection i n  t h e  t r o p i c a l  P a c i f i c .  
I n  a study of t h e  r e l a t i o n s h i p  between 
atmospheric  angular  momentum and t h e  e a r t h ' s  
r o t a t i o n  rate Langley et.al. (1981) repor ted  an 
o s c i l l a t i o n  with 40-50 day per iods  which 
appeared i n  both time series. This  o s c i l l a t i o n  
was determined by Anderson and Bosen (1982) t o  
be t h e  zonal ly  symmetric component of the 
o s c i l l a t i o n  repor ted  by Madden and Ju l ian .  

The observat ion of t h e  zonal ly  symmetric 
component of the  40-50 day o s c i l l a t i o n  suggested 
t h e  p o s s i b i l i t y  t h a t  a dynamical b a s i s  f o r  the 
t i m e  s c a l e  of the  motion may r e s u l t  from zonally 
symmetric dynamics r a t h e r  than wave number 1 
processes .  This  hypothesis  was offered 
a d d i t i o n a l  support by Goswami and Shukla i n  a 
r e c e n t  work uhere they observed s i m i l a r  slow 
o s c i l l a t i o n s  i n  a non-linear zonal ly  symmetric 
genera l  c i r c u l a t i o n  model. 

I n  order  t o  examine t h i s  idea  it i s  
necessary t o  develop an understanding of the 
l i n e a r  symmetric modes of t h e  t r o p i c a l  
atmosphere. To adequately descr ibe  these  modes 
it i s  necassary t o  use a b a s i c  s ta te  which 
inc ludes  the  e f f e c t s  of t h e  t r o p i c a l  Badley 
c i r c u l a t i o n .  When these e f f e c t s  are included a 
new set of low frequency modes are produced, the 
slowest of which has a similar time s c a l e  t o  and 
shares  many s t r u c t u r a l  similari t ies with the 
observed o s c i l l a t i o n .  These new modes a r e  the 
motions which r e s u l t  when t h e  geostrophic  modes 
of a r e s t i n g  b a s i c  s t a t e  are modified by the 
Badley ce l l .  

2. TEE UODEL 

For experimental s i m p l i c i t y  t h e  model 
domain was chosen t o  be an e q u a t o r i a l  beta-plane 
with absorbing walls located at 30" N and 30" S 
l a t i t u d e .  The Hadley ce l l  b a s i c  s t a t e  f o r  the 

model i s  determined by running a non-linear 
forced model t o  equi l ibr ium with forcing 
cons is t ing  of r e p r e s e n t a t i o n s  of cumulus heating 
near t h e  equator and r a d i a t i v e  cool ing away form 
the  equator .  The hea t ing  magnitude was chosen 
t o  g ive  agreement with observed va lues  of the 
la rge  s c a l e  v e r t i c a l  v e l o c i t y  f i e l d .  The model 
i s  based on zonal ly  symmetric hydros ta t ic  
pr imi t ive  equat ions ( 1 )  with t h e  inc lus ion  of 
damping designed t o  represent  the  e f f e c t s  of 
sur face  f r i c t i o n  and non-symmetric eddy fluxes 
of momentum. The numerical formulat ion of the 
model uses  a f i n i t e  d i f f e r e n c e  v e r t i c a l  
representa t ion  and Fourier  b a s i s  funct ions i n  
t h e  hor izonta l .  

- Du = f v  - a(y ,z  
D t  U 

(1.4) 
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D t  a t  ay az here  - - - + + v + w -  

When run t o  equi l ibr ium t h e  model produces 
a reasonable  s imulat ion of t h e  observed Hadley 
c e l l .  P l o t s  of t h e  simulated wind f i e l d s  are  
given as f i g u r e  1. I n  t h e  r e a l  atmosphere, of 
course,  t h e  wester ly  j e t  extends fur ther  
northward due t o  t h e  eddy convergence of 
momentum but  t h e  i n t e r i o r  of t h e  simulated 
c i r c u l a t i o n  should be adequate f o r  s tud ies  of 
t h e  e q u a t o r i a l  motions. 

The next  s t e p  i n  t h e  determinat ion of the 
l i n e a r  normal modes i s  t h e  generat ion of a 
l i n e a r  per tuba t ion  model from t h i s  b a s i c  s t a t e .  
Once t h i s  is done t h e  eigenmodes of t h e  model 
can then i n  p r i n c i p l e  be found as a matrix 
eigenvalue problem. I n  p r a c t i c e ,  s ince  the 
model equat ions  are not  separable  i n t o  
hor izonta l  and v e r t i c a l  s t r u c t u r e  equat ions,  the 
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Fig. l a .  Model b a s i c  s t a t e  zonal  winds 
(m/s,ec). 

Pig. 2a. Slow model mode zona1 wind amplitude. 
Units a r b i t r a r y .  

Pig. 2b. Slow model mode Z O M ~  wind phaselpi .  Fig. l b .  Model b a s i c  s t a t e  v e r t i c a l  winds 
(mmlsec). 

order of t h i s  e igenvalue problem is  much too  
large f o r  d i r e c t  so lu t ion .  It i s  however 
possible t o  avoid t h i s  d i f f i c u l t y  i f  one i s  only 
in te res ted  i n  t h e  slowest modes of t h e  model. 
To determine t h e  slow modes a prognost ic  vers ion  
of the  l i n e a r  model i s  stepped forward i n  time 
and a r e p r e s e n t i t i v e  time series is saved. This  
time series i s  then low pass  f i l t e r e d  and a 
complex exponent ia l  r e p r e s e n t a t i o n  i s  f i t  t o  it 
using a process  known as Prony parameter 
estimation. T h i s  f i t  provides a good 
approximation t o  t h e  complex frequencies  of the  
slowest 'modes which can then be used t o  
construct  a d e s c r i p t i o n  of t h e  assoc ia ted  
s p a t i a l  s t r u c t u r e .  Using t h i s  procedure it was 
determined t h a t  t h e  slowest o s c i l l a t i n g  model 
mode has a per iod-  of 30.1 days and an 
equator ia l ly  symmetric s p a t i a l  s t r u c t u r e  which 
i s  given as f i g u r e  2. The s p a t i a l  s t r u c t u r e  Of 
the mode can be descr ibed  as being very s imi la r  
t o  the  e f f e c t s  of an o s c i l l a t i o n  of t h e  Badley 
c e l l  amplitude. 

3 .  CONCLUSION 

A r e p r e s e n t a t i o n  of t h e  observed s p a t i a l  
s t r u c t u r e  of t h e  o s c i l l a t i o n  zonal wind f i e l d  i s  
reproduced as f i g u r e  3 from Anderson and Bosen 
(1982). This r e p r e s e n t a t i o n  i s  based 011 an 
amplitude-phase extension of t h e  p r i n c i p a l  
component o r  empir ica l  orthogonal func t ion  
technique and can be d i r e c t l y  compared with t h e  

model f i e l d s .  The amplitude f i e l d s  are i n  good 
agreement with both f i e l d s  showing a well 
developed maximum on t h e  southern edge of t h e  
j e t .  The phase f e a t u r e s  do not  agree as well  
although both f i e l d s  show a tendency f o r  
poleward phase propogation. The d i f f e r e n c e  
between the  observed and model phase f i e l d s  may 
very well r e s u l t  form t h e  lack of a model 
parameter izat ion f o r  momentum t ranspor t  by 
cumulus clouds. 
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Pig. 38. Observed o s c i l l a t i o n  amplitude. 
Units  a r b i t r a r y .  
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Fig. 3b. Observed o s c i l l a t i o n  phase/pi. 

I n  conclusion t h i s  work examines a new 
c l a s s  of slow e q u a t o r i a l  wavelike motions which 
provide a poss ib le  explanat ion f o r  t h e  observed 
low frequency motions i n  t h e .  t r o p i c a l  
t roposphere.  Many a d d i t i o n a l  phys ica l  e f f e c t s  
need t o  be s tudied ;  t h e  most important of these 
i s  t h e  e f f e c t  of cumulus clouds on t h e  l inear  
modes. I n  addi t ion  more observa t iona l  and 
modeling work i s  needed t o  d e f i n e  the 
r e l a t i o n s h i p  between t h e  symPretric and zonal 
wavenumber 1 components of t h e  o s c i l l a t i o n .  
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